The objective was to determine the effects of sleep or lying deprivation on the behavior 30 of dairy cows. Data were collected from 8 multi-and 4 primiparous cows (DIM = 199 ± 44 31 (mean ± SD); days pregnant = 77 ± 30). Using a crossover design, each cow experienced: 1) 32 sleep deprivation implemented by noise or physical contact when their posture suggested sleep, 33 and 2) lying deprivation imposed by a grid placed on the pen floor. One day before treatment 34 (baseline), and treatment day (treatment) were followed by a 12-d washout period. Study days 35 were organized from 2100 to 2059. During habituation (d -3 and -2 before treatment), baseline (d 36 -1), and trt (d 0), housing was individual boxstalls (mattress with no bedding). After treatment, 37 cows returned to sand-bedded freestalls for a 7-d recovery period (d 1 to 7) where data on lying 38 behaviors were collected. Daily lying time, number lying bouts, bout duration, and number of 39 steps were recorded by dataloggers attached to the hind leg of cows throughout the study period. 40 Data were analyzed using a mixed model in SAS including fixed effects of treatment (sleep 41 deprivation vs. sleep and lying deprivation), day, and their interaction with significant main 42 effects separated using a PDIFF statement (P ≤ 0.05). Interactions between treatment and day 43 were detected for daily lying time and the number of bouts. Lying time was lower for both 44 treatments during the treatment period compared to baseline. Lying time increased during the 45 recovery period for both lying and sleep deprived cows. However, it took 4 d for the lying 46 deprived cows to fully recover their lying time after treatment, whereas it took the sleep deprived 47 cows 2 d for their lying time to return to baseline levels. Results suggest that both sleep and lying 48 deprivation can have impact cow behavior. Management factors that limit freestall access likely 49 reduce lying time and sleep, causing negative welfare implications for dairy cows.
. Cows were deemed acceptable for the study if they were scored a 1 or 2.
Score
Approach Test Brush Test Treatments were implemented using a crossover design with rolling enrollment. The 147 study design progressed from a habituation (-3 d, -2 d), baseline (-1 d), treatment (0 d) and
148 recovery (1 -7 d) period, with a 12-d washout period between treatments. Each 'day' 149 represented a 24 h period from 2100 to 2059 to facilitate the treatments used in the study. Cows 150 were housed in the individual pens during the habituation, baseline and treatment phases, and 151 were moved back to the group free-stall pen for the recovery period. Because cows were moved 152 to an unfamiliar pen at the start of the study, a 2-d habituation period was provided to allow cows 153 to adapt to their new environment. When cow were regrouped into a novel pen (von Keyserlingk 154 et al., 2008) , or trained to use a robotic milking system (Jacobs and Siegford, 2012), it only took 155 the cows 2 d to habituate, suggesting our 2-d habituation period was sufficient. Additionally, the 156 mattress bedded pens the cows were placed in were only 8 m away from their home pen, so conduct the signal. In total, there were ten electrodes on the cow. Electrode configuration was 191 placed on the head and neck area, and can be further illustrated in Figure 1 were recorded at each milking on d -2, 2, 3, 4 and 5 relative to treatment (d 0) automatically. The 202 collars that register cows in the parlor were removed during the baseline and treatment days because they interfered with the EEG device. Therefore, milk weights were not recorded during 204 this time. Data from the day before baseline (d -2) when the cow was in the individual pen for 205 habituation was used to represent the baseline period. Milk weights were combined from 206 morning and evening milking to obtain total daily production.
207
A composite milk sample was collected into a 15mL collection vial during milking on 208 baseline, treatment, and d 2, to monitor fat, protein and somatic cell count (SCC and treatment using the PDIFF statement.
228
When analyzing the EEG data, a paired t-test was used for all d 1 and 2 comparisons. For 229 the treatment comparisons, a t-test was run for 2 groups assuming equal variance.
230
To determine the impact of day and treatment on milk production and composition, To assess the impact of treatment and day on milk composition, Significance was 238 declared a P < 0.05 and a trend declared at P < 0.10.
239

RESULTS
240
Lying behavior. 241 When lying behaviors were specifically compared between baseline and treatment days, 242 all behaviors differed during lying deprivation (P < 0.05; Table 2 ). However, there was only a 243 tendency for lying bouts and bout duration to differ during sleep deprivation (P < 0.1). When lying behaviors were specifically compared between each day of the recovery Lying bouts did not differ for either treatment on d 1 through 6 compared to d 7 (P > 267 0.05; Table 3 ). However, there was a tendency for cows to have more lying bouts on d 2 268 compared to d 7 during lying deprivation (P = 0.07). Bout duration was higher on d 1 compared 269 to d 7 for during lying deprivation (P < 0.0001). There was a tendency for bout duration to be 270 longer on d 1 compared to d 7 during sleep deprivation (P = 0.08; Table 3 ). 279 There was an effect of treatment where NREM sleep decreased from baseline to 280 treatment day (P = 0.01). However, there was only a tendency for time spent awake to increase 281 (P = 0.09) and REM sleep to decrease (P = 0.10). When we combined the lighter sleep states, 282 drowsing, and wake, time spent awake increased from baseline to treatment (P = 0.01).
However, when we combined the two deeper sleep states, NREM and REM, there was a 284 decrease between baseline and treatment (P = 0.01). When only evaluating lying deprivation, 285 time spent awake increased (P = 0.04; Table 4 ), and time spent in NREM sleep decreased (P = 286 0.02; Table 4 ). However, there was only a tendency for drowsing (P = 0.07; Table 4 ) and REM 287 sleep (P = 0.08; Table 4 ) to decrease from baseline to treatment. There was no effect of sleep 288 deprivation on any vigilant state (P ≥ 0.05; Table 4 ). There was no effect of treatment on the length of sleep bouts (P ≥ 0.05). However, there 295 was a tendency for NREM sleep bout length to decrease from baseline to treatment (P = 0.07).
296
When evaluating the lying deprivation treatment only, bout length tended to decrease for 297 drowsing and REM sleep (P = 0.08; Table 5 ). However, there was no effect of sleep deprivation 298 on bout length (P ≥ 0.05; Table 5 ). Milk Yield and Composition. 314 There was no effect of treatment on milk production (P = 0.44; Table 6 ). Overall, the 315 sleep deprivation treatment reduced protein content compared to lying deprivation (P = 0.01; 316 Table 6 ). Lying deprivation tended increase SCC compared to sleep deprivation. However, there 317 was no effect of day or treatment × day interaction (P = 0.64 and P = 0.15, respectively; Table   318 6). When milk yield was compared between baseline (d -2) and the 4 days after treatment, 327 cows produced less milk on d 1 and 2 (after trt) compared to baseline when deprived of lying 328 (Table 6 ). Milk production tended to be lower on d 3 compared to baseline when sleep was 329 deprived but did not differ on any other day relative to the baseline period.
330
When milk components were compared between baseline (d -2), treatment day, and then 331 day 1 (day after trt), fat content was found to be higher on treatment day (d 0) and d 1 during 332 lying deprivation, and on treatment day during sleep deprivation (P ≤ 0.01; Table 6 ). Protein 333 content was higher on d 1, and 2 compared to baseline during lying deprivation (P ≤ 0.04; Table   334 6). Protein content did not differ on any days during sleep deprivation (P ≥ 0.05). For SCC, there 335 was a tendency for a period and treatment effect to occur (P = 0.08 and P = 0.09, respectively). 
